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Purpose: Based on evidence that microRNAs (miRNAs) are found in many biologic fluids (e.g., urine, saliva, pleural 
fluid), we sought to detect the presence of miRNAs and analyze their profile in vitreous humor ( VH) from patients af- 
fected by various ocular diseases. 

Methods: MiRNAs were purified from VH samples taken during vitrectomy, by using the Qiagen miRNeasy Mini Kit. 
The expression profile on 745 miRNAs was performed by using TaqMan Low Density Array. Single TaqMan expres- 
sion assays were performed on 18 VH samples (six each from patients with choroidal melanomas, retinal detachment, 
or macular hole) for miRNAs commonly expressed in serum or retinal cells: let-7b, miR-21, miR-26a, miR-146a, miR- 
199-3p, miR-210, miR-374a*, miR-532-5p. RNA extracted from serum of six healthy donors or from formalin-fixed, 
paraffin-embedded samples of choroidal melanocytes from four uveal melanomas (epithelioid cells) and from three 
unaffected eyes were used as controls. 

Results: We identified the presence of 94 circulating small RNAs in the vitreous, some of which (miR-9, miR-9*, miR- 
125a-3p, miR-184, miR-21 1, miR-214, miR-302c, miR-452, miR-628, miR-639) are particularly abundant in the VH but 
downrepresented or not detectable in serum. MiR-146a and miR-26a were overexpressed more than threefold in VH from 
patients with uveal melanomas compared to the other pathological groups (Wilcoxon signed-rank test, p value <0.05). 
Conclusions: Our experimental data suggest that a specific set of circulating miRNAs is secreted in the vitreous, which 
is quite different from the miRNA pattern in serum, and that the quantity of vitreal miRNAs could change, depending 
on the pathologies of the eye. 



Identification of new diagnostic and prognostic molec- 
ular markers for neoplastic and degenerative diseases is a 
major research area of contemporary medicine. Markers have 
been characterized for (1) detecting malignant or degenera- 
tive diseases early, (2) monitoring their progression, and (3) 
obtaining reliable information on molecular phenotypes and 
genotypes to design targeted therapeutic strategies [1,2]. 
MicroRNAs (miRNAs) are small non-coding RNAs that 
play a major role as master regulators of protein-coding genes 
and cell networks. Recent findings indicate that expression 
of miRNAs is detectably altered in human cancers and that 
miRNAs may be closely associated with disease develop- 
ment [3]. Altered miRNA expression was reported in various 
human cancers and other complex diseases [4]. Various 
types of cancer have distinct miRNA expression profiles, 
suggesting a specific miRNA signature for each cancer [5,6]. 
A promising research field on miRNAs has been opened with 
the identification of miRNAs circulating in the blood and 
other biologic fluids (e.g., urine, saliva, amniotic fluid, pleural 
fluid) [7,8]. MiRNAs have been shown to be protected by 
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RNase digestion and are resistant to severe chemical-physical 
conditions [9]. Accordingly, miRNAs are stable in plasma and 
serum. These features make miRNAs attractive biomarkers, 
easily detectable in a non-invasive manner (i.e., blood collec- 
tion). Patients with different histological tumors have a 
specific circulating miRNA profile, which is different from 
that of healthy individuals [10,11]. These data strongly suggest 
that the use of miRNAs as tumor markers (diagnostic or prog- 
nostic) represents a promising field of research. MiRNAs have 
been identified in many ocular tissues and have been shown 
to play a role in lens and retina development [12-14], ocular 
physiology [15], and several ocular diseases. Differential 
miRNAs expression was found in transparent and cataractous 
lens [16]. Let-7b is overexpressed in lens with greater opacity 
[17]; miR-29b is downregulated in Tenon's fibroblasts after 
glaucoma surgery, increasing the risk of fibrosis [18]; and 
miR-24 causes inactivation of p53 surveillance, contributing 
to tumor development in retinoblastoma [19]. Two miRNAs 
have been shown to be downregulated in retinal endothelial 
cells from diabetes patients: MiR-146a-reduced expression 
is related to an increase in extracellular matrix fibronectin 
production [20], while miR-200b downregulation is involved 
in vascular endothelial growth factor (VEGF) alterations in 
diabetic retinopathy [21]. Overexpression of several miRNAs 
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has been reported in ischemia-induced retinal neovascu- 
larization [22]. MiRNAs have also been studied in uveal 
melanocytes and uveal melanoma cell lines. MiR-137 acts 
as a tumor suppressor in uveal melanoma cell proliferation 
through downregulation of its targets MITF and CDK6 [23]; 
miR-34a acts as a tumor suppressor in uveal melanoma cell 
proliferation and migration through downregulation of c-Met 
[24]. Since currently no data are available about the presence 
of miRNAs in human vitreous humor, the aim of this study 
was to investigate their presence in patients with different 
ocular diseases and relative controls. 

METHODS 

This is a comparative study performed at the University of 
Catania, Catania, Italy during the past 2 years (up to March 
31, 2012). Our research followed the tenets of the Declaration 
of Helsinki; informed consent was obtained from the subjects 
after explanation of the nature and possible consequences of 
the study. The VH samples were taken from 18 patients that 
underwent vitrectomy at the Eye Clinic of the University of 
Catania: six samples were from patients with uveal melanoma 
(4 males and 2 females, mean age 62±7 years; Group A), six 
from patients with retinal detachment (3 males and 3 females, 
mean age 64±6 years; Group B), and six were from patients 
affected by macular hole (3 males and 3 females, mean age 
59±6 years; Group C). Only patients aged between 50 and 70 
years were included. We excluded from our study patients 
with systemic disease (such as diabetes, renal or hepatic 
failure, autoimmune diseases, Parkinson and Alzheimer 
disease), other ocular diseases (such as uveitis, glaucoma, 
diabetic retinopathy and other retinopathies), previous 
ocular surgical procedures (including cataract surgery) and 
trauma, and metastatic disease for patients affected by uveal 
melanoma. Since radiotherapy could cause optic neuropathy, 
uveal melanomas extended close or up to the eye disc margin 
were treated with endoresection [25]. All patients included 
in Group B were affected by rhegmatogenous retinal detach- 
ment with no proliferative vitreoretinopathy, no posterior 
breaks, and giant retinal tears. Group C included patients with 
unilateral idiopathic macular hole Gass stages 3 and 4. All 
vitrectomies were performed by a vitreoretinal surgeon. The 
infusion port, light pipe, and vitreous cutter were inserted 
4 mm from the limbus. The conjunctiva and sclera were 
opened, and the vitreous cutter was advanced across the 
vitreous cavity. A 2-ml vitreous specimen with closed infu- 
sion was aspirated into a syringe using a three-way tap. The 
aspirate was then placed in a sterile container, and surgery 
continued routinely. Samples were centrifuged at 700 x g 
for 10' to pellet and remove any circulating cell or debris. 
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RNA was extracted from 500-(il humor vitreous samples by 
using a Qiagen miRNeasy Mini Kit (Qiagen, GmbH, Hilden, 
Germany), according to the Qiagen Supplementary Protocol 
for purification of small RNAs from serum and plasma, and 
finally eluted in a 30-ul volume of elution buffer. RNAs were 
quantified by fluorometer and spectrophotometer. 

To profile the transcriptome of 745 miRNAs, 4.5 ul of 
vitreal and serum RNAs (corresponding to 10 ng of RNA) 
were retrotranscribed and preamplified. Amplified products 
were loaded on TaqMan Low Density Arrays (TLDAs) 
TaqMan Human MicroRNA Array v3.0 A and B (Applied 
Biosystems, Foster City, CA). PCRs on TLDAs were 
performed on a 7900HT Fast Real Time PCR System (Applied 
Biosystems). These experiments were performed on vitreous 
and serum from three patients affected by macular hole. The 
same amount of vitreal RNAs was used for miRNA-specific 
reverse transcription (RT) to obtain miRNA-specific cDNAs. 
Four-fifths of the cDNA total volumes were analyzed with 
quantitative real-time polymerase chain reaction (RT-PCR) 
using TaqMan MicroRNA Assays (Applied Biosystems). 
We assayed the presence of eight miRNAs (let-7b, miR-21, 
miR-26a, miR-146a, miR-199-3p, miR-210, miR-374a* miR- 
532-5p), which were identified at different expression levels 
through TLDAs and are known to be commonly expressed 
in serum or in retina cells (the cells in direct contact with 
VH) [26-29]. To validate our results, the experiments were 
independently repeated three times, and the standard devia- 
tion of threshold cycle (Ct) for each RT-PCR experiment was 
calculated. We used serum RNAs from six healthy donors as 
controls. They were selected from hospital personnel, with the 
same exclusion criteria previously cited, and the serum RNAs 
were extracted and quantified with the same procedures. We 
also used RNAs from formalin-fixed, paraffin-embedded 
(FFPE) samples of normal retinal cells from three unaffected 
eyes and samples of four uveal melanomas (epithelioid cells), 
extracted as reported by Ragusa et al. [30] 

Statistical analysis: Since normalizator genes are unknown 
for VH, we applied the canonical comparative cycle threshold 
(AACt) method to perform relative quantification, by using 
the median Ct of each sample as the normalizator gene and 
serum as the calibrator sample [30,31]. 

Differentially expressed miRNAs between vitreous 
and serum analyzed with TLDAs were identified by SAM 
(Significance Analysis of Microarrays), applying a two-class 
paired test among ACt and using a p value based on 100 
permutations; imputation engine: K-nearest neighbors (10 
neighbors); False Discovery rate <0.15. 

The Wilcoxon signed-rank test (p value <0.05) was 
applied to statistically evaluate the expression differences 
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between vitreous and serum and among classes of ocular 
diseases, analyzed with single TaqMan assays. The partition 
in expression groups from vitreous was made by calculating 
the mean Ct value and assuming that the normally expressed 
miRNAs had a Ct in the range of mean Ct±standard devia- 
tion, highly expressed miRNAs had a Ct value less than mean 
Ct - standard deviation, and lowly expressed miRNAs had a 
Ct value major than mean Ct+standard deviation. 

RESULTS 

VH samples were taken from 18 patients after vitrectomy: 
six patients with uveal melanoma (Group A aged between 
53 and 68 years, mean age 60±7), six patients with retinal 
detachment (Group B aged between 54 and 70 years, mean 
age 62±6), and six patients with macular hole (Group C aged 
between 52 and 68 years, mean age 60±6). By measuring 
the RNA concentration of the final elution from Qiagen 
RNA extraction procedure with a fluorometer and a spec- 
trophotometer, we showed that human VH contains RNA 
(yield of 50-150 ng from 500 ul of VH). By using TaqMan 
Low Density Array technology, we determined the expres- 
sion profile of 745 miRNAs in humor vitreous and serum 
from three patients affected by macular hole. We identi- 
fied the presence of 94 circulating small RNAs in vitreous 
(including small nuclear RNA [snRNA] U6 and RNAU48) 
that we divided into three groups: i) highly expressed (HE), 
ii) normally expressed (NE), and iii) lowly expressed (LE) 
miRNAs (Table 1, Additional File 1). Moreover, we compared 
the expression levels of vitreal and serum miRNAs to verify 
whether these different biologic fluids had similar miRNA 
profiles or some expression specificity (Table 1). Interest- 
ingly, the HE group showed some miRNAs (i.e., miR-628, 
miR-302c, miR-639, miR-211, and miR-9) with expression 
fold changes higher more than 100-fold compared to serum. 
Furthermore, we found that some miRNAs in the NE group 
were greatly upregulated compared to serum: miR-452, 
miR-9*, miR-214, miR-184, miR-125a-3p. However, some 
miRNAs were strongly downregulated in vitreous HE 
and NE compared to serum: miR-223, miR-24, miR-484, 
miR-191, miR-92a, miR-30c, miR-30-5p, miR-20a, miR-150, 
miR-16, miR-451, and miR-93*. Taken together, these data 
suggest that vitreous has a specific set of circulating miRNAs 
that is quite different from the serum miRNA pattern. To test 
whether some of these vitreal miRNAs showed expression 
differences among different ocular diseases, we performed 
RT-PCR with single TaqMan miRNA assays. To validate 
the reproducibility of the results, the experiments were inde- 
pendently repeated three times. The standard deviation of 
threshold cycle (Ct) for each PCR real-time experiment was 
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arranged between 0.1 and 0.4. As already shown by TLDA, 
assayed miRNAs were present in VH, although in different 
quantities (Figure 1). Let-7b, miR-21, and miR-146a were 
the most expressed, while miR-374a* and miR-532-5p were 
scarcely represented in our samples. The Cts were more than 
35, accordingly at the limit of TaqMan assay sensitivity and 
not a reliable correct quantification (Appendix 1). Overall, 
higher expression of miRNAs was detected in eyes with uveal 
melanoma compared to the two other groups. In particular, 
some miRNAs were significantly overexpressed compared 
to the value detected in the healthy donor serum (value 1 in 
the histograms in Figure 1). MiR-34a was highly expressed 
in VH from all groups, with values about 100-fold higher 
than serum in patients with macular hole, 150-fold in patients 
with in retinal detachment, 250-fold in patients with uveal 
melanoma; high levels were also found in normal retinal cells 
(300-fold) and uveal epithelioid melanoma cells (200-fold). 
Let-7b was expressed in normal retinal cells at higher levels 
than in serum (13 -fold), and was increased (four- to sixfold) 
in all VH samples as in the uveal melanoma cells. MiR-21 
was more expressed in VH from patients with retinal detach- 
ment (25-fold) and about fivefold in the VH from the other 
two groups, in normal retinal cells and in uveal melanoma 
cells (about fivefold). MiR-146a was more expressed in the 
VH of patients with melanoma (15-fold), uveal melanoma 
cells (13 folds), and normal retinal cells (fivefold), but not 
in other VH samples. MiR-26a was more expressed in VH 
from patients with melanoma (threefold) and in normal retinal 
cells (fourfold), but not in melanoma cells and in VH from 
the other two groups. In VH from patients affected by ocular 
melanoma, miR-146a and miR-26a were upregulated about 
threefold compared to the other groups (Wilcoxon signed- 
rank test, p value <0.05; Figure 2). MiR-146a was upregulated 
in the FFPE uveal melanoma samples, while miR-26a was 
overexpressed in normal retinal cells FFPE and uveal mela- 
noma cells. 

DISCUSSION 

The aim of this study was to investigate the presence of 
miRNAs in human VH. We detected with TLDAs the 
presence of 92 vitreal miRNAs, some of which (miR-302c, 
miR-639, miR-9, miR-526b) were particularly abundant in 
VH but not detectable in serum. Moreover, we assayed with 
single TaqMan assays the expression of miRNAs that have 
been found in retinal cells or serum, and compared their 
expression in VH from different ocular pathologies to serum 
from healthy donors (used as the calibrator sample), normal 
retina cells, and epithelioid uveal melanoma cells. 
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Table 1. MiRNAs expressed in Vitreous Humor and their comparison with circulating miRNAs in serum. 



miRNA 


median Ct 


Fold Change respect to serum 


Expression group 


hsa-miR-628-5p 


15.98 


704.50 


HE 


hsa-miR-518f 


17.23 


1.20 


HE 


hsa-miR-302c 


22.74 


622.07 


HE 


hsa-miR-1274B 


23.93 


0.39 


HE 


hsa-miR-639 


25.89 


109.55 


HE 


hsa-miR-1260 


26.80 


2.69 


HE 


U6 snRNA 


27.07 


1.36 


HE 


hsa-miR-720 


27.11 


0.91 


HE 


hsa-miR-211 


27.31 


464.94 


HE 


hsa-let-7b 


27.43 


2.51 


HE 


hsa-miR-223 


27.67 


0.03 


HE 


hsa-miR-9 


27.76 


688.28 


HE 


hsa-miR-1825 


28.21 


20.04 


NE 


hsa-miR-342-3p 


28.26 


1.09 


NE 


hsa-miR-338-5P 


28.94 


0.0003 


NE 


hsa-miR-1274A 


29.38 


1.26 


NE 


hsa-miR-596 


29.78 


0.33 


NE 


hsa-let-7e 


29.85 


0.61 


NE 


hsa-miR-24 


30.00 


0.05 


NE 


hsa-miR-222 


30.05 


0.41 


NE 


hsa-miR-19b 


30.18 


0.06 


NE 


hsa-miR-452 


30.57 


34.25 


NE 


hsa-miR-320 


30.58 


0.18 


NE 


hsa-miR-17 


30.77 


0.08 


NE 


hsa-miR-146a 


30.78 


0.12 


NE 


hsa-miR-106a 


30.78 


0.09 


NE 


hsa-miR-204 


30.80 


26.49 


NE 


hsa-miR-663B 


30.88 


6.07 


NE 


hsa-miR-526b 


30.94 


133.22 


NE 


RNU48 


31.11 


3.57 


NE 


hsa-miR-671-3p 


31.17 


4.80 


NE 


hsa-miR-21 


31.22 


0.89 


NE 


hsa-miR-484 


31.40 


0.03 


NE 


hsa-miR-9* 


31.41 


127.90 


NE 


hsa-miR-191 


31.49 


0.05 


NE 


hsa-miR-34a 


31.49 


92.00 


NE 


hsa-miR-214 


31.61 


54.70 


NE 


hsa-miR-200b 


31.94 


10.98 


NE 


hsa-miR-184 


31.99 


462.14 


NE 


hsa-miR-193b 


32.18 


5.06 


NE 


hsa-miR-92a 


32.29 


0.02 


NE 


hsa-miR-200c 


32.44 


9.26 


NE 
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miRNA median Ct 



Fold Change respect to serum 
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Expression group 



hsa-miR-892b 


32.44 


0.36 


NE 


hsa-miR-100 


32.57 


9.40 


NE 


hsa-miR-197 


32.82 


0.09 


NE 


hsa-miR-30c 


32.95 


0.03 


NE 


hsa-miR-574-3p 


32.97 


0.50 


NE 


mmu-miR-374-5p 


33.09 


0.47 


NE 


hsa-miR-125a-3p 


33.18 


36.21 


NE 


hsa-miR-875-5p 


33.24 


0.25 


NE 


hsa-miR-142-3p 


33.31 


0.39 


NE 


hsa-miR-30a-5p 


33.37 


0.02 


NE 


hsa-miR-20a 


33.38 


0.02 


NE 


hsa-miR-1290 


33.47 


0.34 


NE 


hsa-miR-328 


33.54 


0.07 


NE 


hsa-miR-199a-3p 


33.57 


0.30 


NE 


hsa-let-7c 


33.63 


5.09 


NE 


hsa-miR-25 


33.66 


0.08 


NE 


hsa-miR-150 


33.93 


0.01 


NE 


hsa-miR-454 


33.96 


0.75 


NE 


hsa-miR-340* 


33.96 


0.62 


NE 


hsa-miR-29a 


33.98 


1.17 


NE 


hsa-miR-331 


34.19 


0.07 


NE 


hsa-miR-16 


34.22 


0.00 


NE 


hsa-miR-190b 


34.25 


5.68 


NE 


mmu-miR-451 


34.30 


0.01 


NE 


hsa-miR-151-3p 


34.57 


0.01 


NE 


hsa-miR-106b 


34.91 


0.15 


NE 


hsa-miR-125b 


34.94 


1.02 


NE 


hsa-miR-30e-3p 


34.95 


0.08 


NE 


hsa-miR-28-3p 


34.97 


0.10 


NE 


hsa-let-7d 


34.98 


0.22 


NE 


hsa-miR-99a 


34.99 


2.65 


NE 


hsa-miR-93* 


34.99 


0.05 


NE 


hsa-mir-26a 


34.99 


0.48 


NE 


hsa-miR-483-5p 


35.09 


0.34 


NE 


hsa-miR-345 


35.17 


0.19 


NE 


hsa-miR-210 


35.20 


0.90 


NE 


hsa-miR-223* 


35.39 


0.24 


NE 




35.54 


0 0022 


LE 


hsa-miR-374 


35.66 


0.30 


LE 


hsa-miR-19a 


35.92 


0.03 


LE 


hsa-miR-20b 


35.96 


0.06 


LE 


hsa-miR-378 


35.97 


0.65 


LE 


hsa-miR-145 


35.98 


0.02 


LE 


hsa-miR-146b 


35.99 


0.06 


LE 
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Fold Change respect to serum 
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Expression group 



hsa-miR-133a 


35.99 


0.11 


LE 


hsa-miR-19b-l* 


36.00 


1.85 


LE 


hsa-miR-186 


36.94 


0.01 


LE 


hsa-miR-195 


36.95 


0.09 


LE 


hsa-miR-505* 


36.97 


0.13 


LE 


mmu-miR-93 


37.00 


0.01 


LE 


hsa-miR-532-5p 


37.00 


0.11 


LE 


hsa-miR-374a* 


37.23 


0.58 


LE 



Highly expressed (HE), normally expressed (NE), lowly expressed. The fold change values typed in bold fonts showed statistically sig- 
nificant expression differences respect to serum: SAM, two-class paired test; False Discovery rate <0.15. 



Notably, only a few circulating miRNAs (94) were 
detectable in vitreous compared with serum. These differ- 
ences were identified by comparing the expression analysis 
of vitreous and serum from the same individuals, suggesting 
that a specific set of miRNAs is secreted in the eye. The rela- 
tively small number of vitreal miRNAs and their expression 
specificity could suggest selected roles for these miRNAs 
in the eye's vitreal chamber, for instance, the exchange of 
molecular signals among retina cells with each other, and/or 
among the few cells floating in the vitreous (i.e., phagocytes, 
hyalocytes of Balazs). Among the 94 miRNAs identified, 
snRNA U6 and RNAU48 were present. These miRNAs 
have a functional role in splicing within the nucleus (nRNA 
U6) and rRNA processing within the nucleolus (RNAU48), 
and are abundantly detected in many biologic fluids and 
exosomes. Their molecular and biologic role among circu- 
lating molecules remains unexplained. Interestingly, the most 
abundant vitreal miRNAs (i.e., miR-9, miR-9*, miR-125a-3p, 
miR-184, miR-211, miR-214, miR-302c, miR-452, miR-628, 
miR-639) are involved in the physiology and development of 
the central nervous system and the eye [32-35]. Specifically, 
the couple miR-9/miR-9* targets two components of the 
REST complex, a transcription factor that silences neuronal 
gene expression in non-neuronal cells [36]. 

Since normalizator genes are unknown in VH, canonical 
miRNA quantification was not possible. Accordingly, we 
applied the median C of all miRNAs in each sample as the 
normalizator and serum as the calibrator sample [30,31]. We 
excluded any possible source of contamination (other cells 
or blood) with the precise technique of sample collection 
and purification, as specified in the Methods section. Defi- 
nitely, the source of miRNAs are the cells, but the presence 
of miRNAs in biologic fluids represents a critical point of 
debate. The most accepted hypothesis proposes that miRNAs 
are actively secreted in membrane-bounded-vesicles (e.g., 
exosomes, microvesicles) [37,38]. However, recent studies 



have shown that the majority of circulating miRNAs are 
present in plasma and serum in a non-membrane bound form, 
but rather protected by protein complexes (for instance, with 
Ago2, NPM1, or other RNA binding proteins) [39]. Moreover, 
the hypothesis that circulating miRNAs are released in the 
extracellular space from dead cells as byproducts has not 
been clearly ruled out [40]. Our data show for the first time 
the presence of miRNAs in human VH, but do not exclude 
any of these models. Retinal cells could physiologically 
exchange molecular signals with each other through miRNAs 
secreted into the VH [37,41]. A low metabolic exchange exists 
between systemic circulation and vitreous humor; therefore, 
fluid in the vitreous chamber could be considered stagnant. 
Accordingly, if blood, cells, or other byproducts of inflamma- 
tion (e.g., secreted miRNAs) get into the vitreous, they could 
be detected there. It may be hypothesized that in the case of 
ocular diseases the secretory ability of retina cells could be 
altered, or there could be a molecular contribution from other 
cell types; therefore, the quality and quantity of the circu- 
lating miRNAs in VH would change, depending on the type 
of pathological stress applied to the retinal cells. However, 
circulating miRNAs in VH could be the passive result of 
physiologic and pathological flaking of retinal or other cells 
inside the ocular fluid [42]. Ideally, the human vitreous of 
healthy subjects should have been used as the control. In this 
study, this has not been done because of ethical and technical 
reasons; the serum of healthy subjects was used as the control. 

Our data also show that some miRNAs were more repre- 
sented in specific ocular conditions: MiR-26a and miR-146a 
were overexpressed in VH from patients affected by uveal 
melanomas. The biologic significance of such findings in 
the eye must be further investigated. For instance, miR-146a 
expression is increased in VH and in melanoma cells, while 
miR-26a is increased in VH from melanoma patients, but 
not in melanoma cells. This observation suggests different 
biologic functions of these miRNAs. Interestingly, miR-146a 
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Figure 1. MiRNA expression in 
human vitreous humor. Expres- 
sion levels of let-7b, miR-21, 
miR-26a, miR-146a, miR-199-3p, 
miR-210, miR-374a*, miR-532-5p in 
vitreous humor from patients with 
various ocular diseases. Values 
on the y-axis are reported as the 
mean, maximum and minimum 
values of the relative quantity of 
microRNAs (miRNAs) compared 
to serum. VMH=vitreous macular 
hole; VRD=vitreous retinal 
detachment; VUM=vitreous uveal 
melanoma; NRC=normal retinal 
cells; UMC=uveal melanoma cells. 
Wilcoxon rank-sum test, * p<0.05; 
** p<0.01. 



is also upregulated in cells from patients affected by cuta- 
neous melanoma and in serum from patients with colorectal 
and lung cancer [11,43]. MiR-146a regulates extracellular 



matrix protein in retinal microvessels, miR-146a is involved 
retinal neovascularization, and the upregulation of miR-146a 
induces the overexpression of VEGF: interestingly, VEGF 
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Figure 2. Upregulation of miR-146a 
and miR-26a in vitreus humor from 
uveal melanoma samples. Box and 
Whisker plot of miR-146a (A) and 
miR-26a (B) expression in vitreus 
humor (VH) from three different 
pathological conditions: macular 
hole, retinal detachment, and uveal 
melanoma. Values on the y-axis are 
reported as the relative quantity of 
microRNAs (miRNAs) compared 
to serum. Thin line: miRNA 
expression on normal retinal cells; 
thick line: miRNA expression in 
formalin-fixed, paraffin-embedded 
tissues from uveal melanoma 
patients. Differential expression 
of miRNAs in patients with uveal 
melanoma compared to the other 
pathological classes was evaluated 
with the Wilcoxon rank-sum test 
(p<0.05). 
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is elevated in ocular fluids of eyes with uveal melanoma 
[44-47]. However, upregulation of circulating miR-26a in 
serum has been shown to be related to prostate cancer [48]; 
furthermore, this miRNA is actively involved in retina cell 
functions, since it is a key post-transcriptional regulator of 
the photoreceptors' L-type voltage-gated calcium channel 
alC subunit by controlling the circadian rhythms of mRNAs 
in the retina [49]. Interestingly, miR-26a promotes vascular 
proliferation inhibiting cellular differentiation and apoptosis 
and inducing VEGF expression [50,51]. In addition to the 
biologic interest of these data, detecting specific miRNAs 
in VH could improve the diagnosis of several eye diseases. 
For instance, identifying markers for uveal melanoma could 
help in differentiating small uveal melanomas from benign 
nevi. Thus far, clinical features and ultrasonography allow 
a proper diagnosis, but in uncertain cases, it is necessary to 
perform tumor biopsy. This procedure can lead to several 
complications, including hemorrhage, retinal detachment, 
cataract, endophthalmitis, as well as tumor seeding, tumor 
recurrence, or extraocular spread [52]. VH aspiration also 
presents risks and cannot be proposed as a widely used 
technique. Detecting miRNAs specifically associated with 
ocular diseases, with the aim of a possible identification in 
the serum for a future quick non-invasive diagnosis, would be 
beneficial. In conclusion, this study successfully detected the 
expression of selected miRNAs in vitreous. Further studies 
are needed to profile the entire human set of miRNAs in the 
vitreous from different ocular diseases to detect those specifi- 
cally associated with specific eye pathologies for diagnostic 
and therapeutic applications in ocular medicine. 

REFERENCES 

1. Netto GJ, Cheng L. Emerging critical role of molecular testing 

in diagnostic genitourinary pathology. Arch Pathol Lab Med 
2012; 136:372-90. [PMID: 22458900]. 

2. Leong AS, Zhuang Z. The changing role of pathology in breast 

cancer diagnosis and treatment. Pathobiology 2011; 78:99- 
114. [PMID: 21677473]. 

3. Negrini M, Nicoloso MS, Calin GA. MicroRNAs and cancer- 

new paradigms in molecular oncology. Curr Opin Cell Biol 
2009; 21:470-9. [PMID: 19411171]. 

4. Taft RJ, Pang KC, Mercer TR, Dinger M, Mattick JS. Non- 

coding RNAs: regulators of disease. J Pathol 2010; 220:126- 
39. [PMID: 19882673]. 

5. Calin GA, Croce CM. MicroRNA signatures in human cancers. 

Nat Rev Cancer 2006; 6:857-66. [PMID: 17060945], 

6. Lu I, Getz G, Miska EA, Alvarez-Saavedra E, Lamb I, Peck 

D, Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, 
Downing JR, Jacks T, Horvitz HR, Golub TR. MicroRNA 



© 2013 Molecular Vision 

expression profiles classify human cancers. Nature 2005; 
435:834-8. [PMID: 15944708]. 

7. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, 

Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O'Briant 
KC, Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS, 
Stirewalt DL, Gentleman R, Vessella RL, Nelson PS, Martin 
DB, Tewari M. Circulating microRNAs as stable blood-based 
markers for cancer detection. Proc Natl Acad Sci USA 2008; 
105:10513-8. [PMID: 18663219]. 

8. Gilad S, Meiri E, Yogev Y, Benjamin S, Lebanony D, Yerush- 

almi N, Benjamin H, Kushnir M, Cholakh H, Melamed N, 
Bentwich Z, Hod M, Goren Y, Chajut A. Serum microRNAs 
are promising novel biomarkers. PLoS ONE 2008; 3:e3148- 
[PMID: 18773077]. 

9. Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, 

Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J, Jiang 
X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang 
X, Gong T, Ning G, Wang J, Zen K, Zhang J, Zhang CY. 
Characterization of microRNAs in serum: a novel class of 
biomarkers for diagnosis of cancer and other diseases. Cell 
Res 2008; 18:997-1006. [PMID: 18766170]. 

10. Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, 

Sood AK, Calin GA. MicroRNAs in body fluids-the mix 
of hormones and biomarkers. Nat Rev Clin Oncol 2011; 
8:467-77. [PMID: 21647195]. 

1 1 . Brase JC, Wuttig D, Kuner R, Siiltmann H. Serum microRNAs 

as non-invasive biomarkers for cancer. Mol Cancer 2010; 
9:306-[PMID: 21110877]. 

12. Walker JC, Harland RM. MicroRNA-24a is required to repress 

apoptosis in the developing neural retina. Genes Dev 2009; 
23:1046-51. [PMID: 19372388]. 

13. Arora A, Guduric-Fuchs J, Harwood L, Dellett M, Cogliati 

T, Simpson DA. Prediction of microRNAs affecting mRNA 
expression during retinal development. BMC Dev Biol 2010; 
10:1-[PMID: 20053268]. 

14. Conte I, Carrella S, Avellino R, Karali M, Marco-Ferreres R, 

Bovolenta P, Banfi S. miR-204 is required for lens and retinal 
development via Meis2 targeting. Proc Natl Acad Sci USA 
2010; 107:15491-6. [PMID: 20713703]. 

15. Krol J, Busskamp V, Markiewicz I, Stadler MB, Ribi S, Richter 

J, Duebel J, Bicker S, Fehling HJ, Schiibeler D, Oertner TG, 
Schratt G, Bibel M, Roska B, Filipowicz W. Characterizing 
light-regulated retinal microRNAs reveals rapid turnover as 
a common property of neuronal microRNAs. Cell 2010; 
141:618-31. [PMID: 20478254]. 

16. Wu C, Lin H, Wang Q, Chen W, Luo H, Chen W, Zhang H. 

Discrepant Expression of MicroRNAs in Transparent and 
Cataractous Human Lenses. Invest Ophthalmol Vis Sci 
2012; 53:3906-12. [PMID: 22562507]. 

17. Peng CH, Liu JH, Woung LC, Lin TJ, Chiou SH, Tseng PC, Du 

WY, Cheng CK, Hu CC, Chien KH, Chen SJ. MicroRNAs 
and cataracts: correlation among let-7 expression, age and the 
severity of lens opacity. Br J Ophthalmol 2012;96:747-51. 
[PMID: 22334139]. 



438 



Molecular Vision 2013; 19:430-440 <http://www.molvis.org/molvis/vl9/430> 

18. Li N, Cui J, Duan X, Chen H, Fan F. Suppression of type I 

collagen expression by miR-29b via PI3K, Akt, and Spl 
pathway in human Tenon's fibroblasts. Invest Ophthalmol 
Vis Sci 2012; 53:1670-8. [PMID: 22297492]. 

19. To KH, Pajovic S, Gallie BL, Theriault BL. Regulation of 

pl4ARF expression by miR-24: a potential mechanism 
compromising the p53 response during retinoblastoma 
development. BMC Cancer 2012; 12:69-[PMID: 22336108]. 

20. Feng B, Chen S, McArthur K, Wu Y, Sen S, Ding Q, Feldman 

RD, Chakrabarti S. miR-146a-Mediated extracellular matrix 
protein production in chronic diabetes complications. 
Diabetes 2011; 60:2975-84. [PMID: 21885871]. 

21. McArthur K, Feng B, Wu Y, Chen S, Chakrabarti S. 

MicroRNA-200b regulates vascular endothelial growth 
factor-mediated alterations in diabetic retinopathy. Diabetes 
2011; 60:1314-23. [PMID: 21357793]. 

22. Shen J, Yang X, Xie B, Chen Y, Swaim M, Hackett SF, Campo- 

chiaro PA. MicroRNAs regulate ocular neovascularization. 
MolTher 2008; 16:1208-16. [PMID: 18500251]. 

23. Chen X, Wang J, Shen H, Lu J, Li C, Hu DN, Dong XD, Yan 

D, Tu L. Epigenetics, microRNAs, and carcinogenesis: 
functional role of microRNA-137 in uveal melanoma. Invest 
Ophthalmol Vis Sci 2011; 52:1193-9. [PMID: 21051724]. 

24. Yan D, Zhou X, Chen X, Hu DN, Dong XD, Wang J, Lu F, Tu L, 

Qu J. Micro RNA-34a inhibits uveal melanoma cell prolifera- 
tion and migration through downregulation of c-Met. Invest 
Ophthalmol Vis Sci 2009; 50:1559-65. [PMID: 19029026]. 

25. Damato BE. Local resection of uveal melanoma. Dev 

Ophthalmol 2012; 49:66-80. [PMID: 22042014]. 

26. Worley LA, Long MD, Onken MD, Harbour JW. Micro-RNAs 

associated with metastasis in uveal melanoma identified by 
multiplexed microarray profiling. Melanoma Res 2008; 
18:184-90. [PMID: 18477892]. 

27. Yang C, Wei W. The miRNA expression profile of the uveal 

melanoma. Sci China Life Sci. 2011; 54:351-8. [PMID: 
21509659]. 

28. Sundermeier TR, Palczewski K. The physiological impact of 

microRNA gene regulation in the retina. Cell Mol Life Sci 
2012; 69:2739-50. [PMID: 22460583]. 

29. Karali M, Peluso I, Gennarino VA, Bilio M, Verde R, Lago 

G, Dolle P, Banfi S. miRNeye: a microRNA expression atlas 
of the mouse eye. BMC Genomics 2010; 11:715-[PMID: 
21171988]. 

30. Ragusa M, Statello L, Maugeri M, Majorana A, Barbagallo D, 

Salito L, Sammito M, Santonocito M, Angelica R, Cavallaro 
A, Scalia M, Caltabiano R, Privitera G, Biondi A, Di Vita 
M, Cappellani A, Vasquez E, Lanzafame S, Tendi E, Celeste 
S, Di Pietro C, Basile F, Purrello M. Specific alterations of 
the microRNA transcriptome and global network structure 
in colorectal cancer after treatment with M APK/ERK inhibi- 
tors. J Mol Med 2012; Berl[PMID: 22660396]. 

31. Livak KJ, Schmittgen TD. Analysis of relative gene expression 

data using real-time quantitative PCR and the 2(-Delta Delta 
C(T)) Method. Methods 2001; 25:402-8. [PMID: 11846609]. 



© 2013 Molecular Vision 

32. Im HI, Kenny PJ. MicroRNAs in neuronal function and 

dysfunction. Trends Neurosci 2012; 35:325-34. Epub 2012 
Mar 19[PMID: 22436491]. 

33. Huang KM, Dentchev T, Stambolian D. MiRNA expression 

in the eye. Mamm Genome 2008; 19:510-6. Epub 2008 Jul 
22[PMID: 18648874]. 

34. Zhao JJ, Hua YJ, Sun DG, Meng XX, Xiao HS, Ma X. 

Genome-wide microRNA profiling in human fetal nervous 
tissues by oligonucleotide microarray. Childs Nerv Syst 
2006; 22:1419-25. Epub 2006 Sep 16[PMID: 16983573]. 

35. Smith B, Treadwell J, Zhang D, Ly D, McKinnell I, Walker PR, 

Sikorska M. Large-scale expression analysis reveals distinct 
microRNA profiles at different stages of human neurodevel- 
opment. PLoS ONE 2010; 5:elll09-[PMID: 20559549]. 

36. Packer AN, Xing Y, Harper SQ, Jones L, Davidson BL. The 

bifunctional microRNA miR-9/miR-9* regulates REST and 
CoREST and is downregulated in Huntington's disease. J 
Neurosci 2008;28:14341-6. [PMID: 19118166]. 

37. Camussi G, Deregibus MC, Bruno S, Cantaluppi V, Biancone 

L. Exosomes/microvesicles as a mechanism of cell-to-cell 
communication. Kidney Int 2010; 78:838-48. [PMID: 
20703216]. 

38. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall 

JO. Exosome-mediated transfer of mRNAs and microRNAs 
is a novel mechanism of genetic exchange between cells. Nat 
Cell Biol 2007;9:654-9. [PMID: 17486113]. 

39. Wang K, Zhang S, Weber J, Baxter D, Galas DJ. Export of 

microRNAs and microRNA-protective protein by mamma- 
lian cells. Nucleic Acids Res 2010; 38:7248-59. [PMID: 
20615901]. 

40. Turchinovich A, Weiz L, Langheinz A, Burwinkel B. Char- 

acterization of extracellular circulating microRNA. Nucleic 
Acids Res 2011; 39:7223-33. [PMID: 21609964]. 

41. Simons M, Raposo G. Exosomes-vesicular carriers for intercel- 

lular communication. Curr Opin Cell Biol 2009;21:575-81. 
[PMID: 19442504]. 

42. Jing G, Wang JJ, Zhang SX. ER stress and apoptosis: a new 

mechanism for retinal cell death. Exp Diabetes Res 2012; 
2012:589589-[PMID: 22216020]. 

43. Philippidou D, Schmitt M, Moser D, Margue C, Nazarov PV, 

Muller A, Vallar L, Nashan D, Behrmann I, Kreis S. Signa- 
tures of microRNAs and selected microRNA target genes in 
human melanoma. Cancer Res 2010; 70:4163-73. [PMID: 
20442294]. 

44. Feng B, Chen S, McArthur K, Wu Y, Sen S, Ding Q, Feldman 

RD, Chakrabarti S. miR-146a-Mediated extracellular 
matrix protein production in chronic diabetes complica- 
tions. Diabetes 2011; 60:2975-84. Epub 2011 Sep 1[PMID: 
21885871]. 

45. Shen J, Yang X, Xie B, Chen Y, Swaim M, Hackett SF, Campo- 

chiaro PA. MicroRNAs regulate ocular neovascularization. 
Mol Ther 2008; 16:1208-16. Epub 2008 May 20[PMID: 
18500251]. 



439 



Molecular Vision 2013; 19:430-440 <http://www.molvis.org/molvis/vl9/430> 

46. Li J, Huang J, Dai L, Yu D, Chen Q, Zhang X, Dai K. miR- 

146a, an IL-1J3 responsive miRNA, induces vascular endo- 
thelial growth factor and chondrocyte apoptosis by targeting 
Smad4. Arthritis Res Ther 2012; 14:R75-[PMID: 22507670]. 

47. Boyd SR, Tan D, Bunce C, Gittos A, Neale MH, Hungerford 

JL, Charnock- Jones S, Cree IA. Vascular endothelial growth 
factor is elevated in ocular fluids of eyes harbouring uveal 
melanoma: identification of a potential therapeutic window. 
Br J Ophthalmol 2002; 86:448-52. [PMID: 11914216]. 

48. Mahn R, Heukamp LC, Rogenhofer S, von Ruecker A, Miiller 

SC, Ellinger J. Circulating microRNAs (miRNA) in serum of 
patients with prostate cancer. Urology 2011; 77:e9-[PMID: 
21539977]. 

49. Shi L, Ko ML, Ko GY. Rhythmic expression of microRNA-26a 

regulates the L-type voltage-gated calcium channel alphalC 



© 2013 Molecular Vision 

subunit in chicken cone photoreceptors. J Biol Chem 2009; 
284:25791-803. [PMID: 19608742]. 

50. Leeper NJ, Raiesdana A, Kojima Y, Chun HJ, Azuma J, 

Maegdefessel L, Kundu RK, Quertermous T, Tsao PS, Spin 
JM. MicroRNA-26a is a novel regulator of vascular smooth 
muscle cell function. J Cell Physiol 2011;226:1035-43. 
[PMID: 20857419]. 

51. Liu B, Wu X, Liu B, Wang C, Liu Y, Zhou Q, Xu K. MiR-26a 

enhances metastasis potential of lung cancer cells via AKT 
pathway by targeting PTEN. Biochim Biophys Acta 2012; 
1822:1692-704. Epub 2012 Aug 4[PMID: 22885155]. 

52. Eide N, Walaas L. Fine-needle aspiration biopsy and other 

biopsies in suspected intraocular disease: a review. Acta 
Ophthalmol (Copenh) 2009; 87:588-601. [PMID: 19719804]. 



Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 20 February 2013. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article. 



440 



